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The echocardiographic diagnosis of severe aortic stenosis (AS) is based on peak aortic jet velocity > _4 m/s and mean aortic valve gradient > _40 mmHg on continuous wave Doppler data and an aortic valve area <1 cm 2 (indexed aortic valve area < _0.6 cm 2 /m 2 ). 1 The peak aortic jet velocity and the mean aortic valve gradient are flow-dependent measurements: these parameters increase when the flow rate through the aortic valve is high and decrease when the aortic valve flow is low for the same aortic valve orifice area. The aortic valve area is calculated based on the continuity equation which considers that the stroke volume (SV) ejected by the left ventricle is equal at the level of the left ventricular (LV) outflow tract and at the level of the stenotic aortic valve orifice (Take home figure). The SV at the level of the LV outflow tract is calculated as the cross-sectional area of the LV outflow tract times the flow velocity over the ejection period (velocity time integral obtained from tracing the envelope of the pulsed wave Doppler spectral signal). 1 Therefore, LV SV seems to be an important component in the characterization of patients with AS since it influences peak jet velocity and mean transaortic gradient, and the calculation of aortic valve area.
In patients with morphology of the aortic valve suggesting AS, current recommendations are first to evaluate the transaortic mean gradient. 1 Patients with a high mean transaortic gradient (> _40 mmHg)
usually have an aortic valve area <1 cm 2 and the diagnosis of severe AS can be established. In these patients, aortic valve replacement is recommended if there are symptoms or reduction in LV ejection fraction (EF). 2 In patients with a low transaortic mean gradient (<40 mmHg), the aortic valve area should be assessed: an aortic valve area >1 cm 2 indicates moderate AS, whereas an aortic valve area <1 cm 2 indicates the presence of low-gradient severe AS. One-third of the patients with severe AS have low transaortic gradients and pose a diagnostic and therapeutic dilemma.
To characterize patients with low-gradient severe AS further, LV SV should be measured. Conventionally, an LV SV index < _35 mL/m 2 defines low-flow status. 3 Patients with an LV SV index >35 mL/m 2 are classified as normal-flow low-gradient severe AS. Patients with low-flow low-gradient severe AS are classified based on LVEF in paradoxical low-flow low-gradient severe AS (when LVEF is > _50%) and classical low-flow low-gradient severe AS (if LVEF is <50%). While paradoxical low-flow low-gradient severe AS is usually characterized by severe LV hypertrophy with a small cavity and uncontrolled hypertension leading to reduced LV SV, in classical low-flow low-gradient severe AS, the low-flow status is caused by impaired LV contractility and frequently associated severe mitral regurgitation. Why is it important to consider flow status in patients with lowgradient severe AS? Several studies have shown that the clinical outcomes of patients with low-flow low-gradient severe AS are as poor as those reported in patients with high-gradient severe AS if left unoperated. [3] [4] [5] [6] In contrast, the clinical outcomes of patients with normal-flow low-gradient severe AS are comparable with those of patients with moderate AS and they can be conservatively managed. 7, 8 However, the cut-off value to define flow status was set arbitrarily. 3 In the current issue of the European Heart Journal, Rusinaru and colleagues provide further insight into the association between flow status and prognosis in patients with severe AS and preserved LVEF. 9 A total of 1645 individuals with no structural heart disease and 1450 patients with severe AS and preserved LVEF were evaluated. From the cohort of individuals without structural heart disease, the normal reference values of the LV SV index were derived (median 37.3 mL/m 2 ). Thus, it could be considered that the current cut-off value to define low (<35 mL/m vs. 69% and 72%, respectively; P < 0.001). On multivariate analysis, an LV SV index <30 mL/m 2 was independently associated with higher risk of all-cause mortality as compared with the other groups, whereas there were no significant differences in risk between severe AS patients with an LV SV between 30 and 35 mL/m 2 and patients with an LV SV index >35 mL/m 2 . These findings were also observed within the subgroup of patients with low-gradient severe AS.
Current guidelines recommend aortic valve replacement in symptomatic low-flow low-gradient severe AS patients with reduced LVEF (class I) and preserved LVEF (class IIa) after careful confirmation of true severe AS. 2 Echocardiographic measurement of LV SV is influenced by various technical factors (i.e. alignment of the ultrasound beam along the transaortic jet flow) and geometrical assumptions. The cross-sectional area of the LV outflow tract is considered circular based on two-dimensional echocardiography. This is an important source of error in the calculation of the aortic valve area. The measurement of the cross-sectional area of the LV outflow tract with three-dimensional imaging techniques may reclassify a significant number of severe AS patients into moderate AS. 10 In addition, in patients with reduced LVEF, the aortic valve area should be calculated after normalization of the LV SV with low-dose dobutamine. Ultimately, the calcium load of the aortic valve has been included in current recommendations as a valuable surrogate to define severe AS. 1 The results of the present study open up the question of how to better understand the factors underlying low-flow severe AS in patients with preserved LVEF and their association with poor outcome. Late gadolinium contrast-enhanced magnetic resonance imaging studies have shown increasing myocardial reactive and replacement fibrosis in patients with severe AS that may lead to a stiffer and less compliant left ventricle, resulting in lower LV preload and LV SV. 11 The presence of late gadolinium enhancement in the LV myocardium in severe AS patients has been associated with poor prognosis. 11 Therefore, LV SV assessment is an important component in the diagnosis of AS and, in patients with preserved LVEF, LV SV is a reflector of the consequences of the stenotic aortic valve on the LV structure.
